The analysis of data taken from the measurements of trace elements in clinkers may lead to insights into the properties of raw materials and can be used to solve practical problems: to determine the origin of the clinker (i.e. the manufacturing works). For this purpose, several hundred clinkers from nine countries have been analysed by replicated quarterly samples to determine their Mg, Sr, Ba, Mn, Ti, Zr, Zn and V contents. This paper presents a survey of simple Exploratory Data Analysis procedures that have been found to be particularly useful in the qualitative analysis of clinker trace element contents. For data presentation box plots and quantile-quantile plots are proposed and used to analyse the relationships between different factories and different trace elements.
Introduction
For classical data analysis, data collection is followed by imposition of a model and the analysis, estimation, and testing that follows are focused on the parameters of that model. For Exploratory Data Analysis (EDA), the data collection is not followed by a model imposition; rather it is followed immediately by analysis with a goal of inferring what model would be appropriate.
EDA is an approach philosophy for data analysis that employs a variety of techniques (mostly graphical) to maximize insight into a data set, uncover underlying structure, extract important variables, detect outliers and anomalies, test underlying assumptions, develop conservative models, and determine optimal factor settings. The seminal work in EDA is written by Tukey, [1] . Over the years it has benefited from other noteworthy publications such as Data Analysis and
Regression by Mosteller and Tukey [2] , and the book of Velleman and Hoaglin [3] .
Most EDA techniques are graphical in nature with a few quantitative techniques. The reason for the heavy reliance on graphics is that by its very nature the main role of EDA is to openmindedly explore, and graphics gives the analysts unparalleled power to do so, enticing the data to reveal its structural secrets, and being always ready to gain some new, often unsuspected, insight into the data. In combination with the natural pattern-recognition capabilities that we all possess, graphics provides, unparalleled power to carry this out.
The particular graphical techniques employed in EDA are often quite simple, consisting of various techniques of:
1. Plotting the raw data (such as data traces and histograms).
2. Plotting simple statistics such as mean plots, standard deviation plots and box plots.
3. Positioning such plots so as to maximize our natural pattern-recognition abilities, such as using multiple plots per page.
The aim of this paper is to present a survey of some of Exploratory Data Analysis procedures that have been found to be particularly useful in the qualitative analysis of the trace element content of these clinkers. A detailed description of the suggested tools helps the construction of bar and q-q plots of clinkers; still easier, a computer program has been written (in MATLAB © ) and it can be downloaded from www.fmt.vein.hu/softcomp.
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The visualisation of trace element content of clinker/cement is not an easy task. At the 10 th International Congress on the Chemistry of Cement, J.H. Potgieter [4] presented a method to construct "star plots", where the visual impact of chemical differences are more striking. This star plot method has been further developed in a previous paper [5] ; to facilitate the visualisation of the trace element content a new star plot is presented where for each clinker being compared to the proposed standard. The first paper of "fingerprinting" i.e. to determine the origin of the clinker/cement by trace element analysis was published in 1993 by Goguel and StJohn [6] , showing the Ba, Sr and Mn concentrations of New Zealand Portland cements. Not all trace elements can be used for fingerprinting; selection must follow certain principles. The most important item of selection: trace elements of "dactylogrammatic value" should come from the main raw material (limestone, marl, clay) and not from the fuel, from furnace lining or from grinding media wear, and some other principles should be observed as well. More recently six elements were used to characterize clinkers: besides those used by Goguel and StJohn [6] Mg, Ti and Zr contents were also measured [7] [8] [9] . Zn and V have no dactylogrammatic value (they come from the fuel, if waste tyres or special sorts of heavy fuel oil are used, resp.), but their quantity can be interesting in cement performance. 
Box plot of trace elements
Suppose that X is a real-valued random variable for the experiment. In our research work, the analysis of the trace element content is considered. Hence, the variables are analytical data of the trace element contents of the clinkers X ∈ {Mg, Sr, Ba, Mn, Ti, Zr, Zn, V}.
which is a function giving the probability that the random variable X is less than or equal to x, for every value x. For a discrete random variable, the cumulative distribution function is found by summing up the probabilities. For a continuous random variable, the cumulative distribution function is the integral of its probability density function. An example of a cumulative distribution function and quantile is given in Figure 1 , where the distribution of the Ba content of the collected clinker samples is plotted.
Place Fig. 1 . here
Tukey's five number summary is often displayed as a box plot. Box plots are an excellent tool for conveying location and variation information in data sets, particularly for detecting and illustrating location and variation changes between different groups of data [10, 11] .
A box plot consists of a rectangular box from q 0.25 to q 0.75 , and tick marks at the median q 0.5 . The "whiskers" are lines extending above and below the box. They show the extent of the rest of the sample (unless there are outliers). Assuming no outliers, the maximum of the sample is the top of the upper whisker. The minimum of the sample is the bottom of the lower whisker. By default, an outlier is a value that is more than 1.5 times the interquartile range away from the top or bottom of the box. The plotted outlier points may be the result of a data entry error, a poor measurement or a change in the system that generated the data.
This useful variation of the box plot specifically identifies outliers. To create this variation:
1. Calculate the median and the lower and upper quartiles.
2. Plot a symbol at the median and draw a box between the lower and upper quartiles. The line from the lower quartile to the minimum is now drawn from the lower quartile to the smallest point that is greater than L1. Likewise, the line from the upper quartile to the maximum is now drawn to the largest point smaller than U1.
6. The outlier points (less than L1 or greater than U1) are drawn as circles.
An example of a box plot is given in Figure 2 , where the distribution of the Ba content of clinkers shown in Figure 1 is depicted.
Place Fig. 2. here
A single box plot can be drawn for one batch of data with no distinct groups. Alternatively, multiple box plots can be drawn together to compare multiple data sets or to compare groups in a single data set. An example of a comparative application of box plots is given in Figure 3 The previous example showed that box plot is an important EDA tool for determining if a factor has a significant effect on the response with respect to either location or variation and the box plot is also an effective tool for summarizing large quantities of information.
Quantile-Quantile Plot of Trace elements
When there are two data sets, it is often desirable to know if the assumption of a common distribution is justified. If so, then location and scale estimators can pool both data sets to obtain estimates of the common location and scale. If two samples do differ, it is also useful to gain some understanding of the differences. The quantile-quantile (q-q) plot can provide more insight into the nature of the difference than analytical methods such as the chi-square and KolmogorovSmirnov 2-sample tests [10, 12] .
The q-q plot is similar to a probability plot, where the quantiles for one of the data samples are replaced with the quantiles of a theoretical distribution. The q-q plot is a plot of the quantiles of the first data set against the quantiles of the second data set. As it is depicted in Figure 4 , a diagonal reference line is also plotted. If the two data sets come from a population with the same distribution, the points should fall approximately along this reference line. The greater the departure from this reference line, the greater the evidence for the conclusion that the two data sets have come from populations with different distributions.
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The q-q plot can be used to answer the following questions: Do two data sets come from populations with a common distribution? Do two data sets have common location and scale? Do two data sets have similar distributional shapes? Do two data sets have similar tail behavior? The more straight is this q-q plot, the closer the correlation between the two elements.
These questions arise at the qualitative analysis of the trace element content of clinkers.
Obviously in mineralogically complex row materials no such correlation need exist, however the linearity of some detected patterns in Figure 4 -6 indicates some correlation. Future research should find out the origin of these cases.
Firstly, an example for comparison of two factories is given, where the q-q plot of trace element of clinkers produced in Spain and South-Africa is given in Figure 4 .
Place Fig. 4 . here
This plot shows that the distribution of the trace element content of clinkers produced in these two countries differs, especially the Sr, Ti and Mg concentrations. It is interesting to note that these three trace elements were turned out to have the most descriptive value in our previous study [13] . The visual inspection of these q-q plots suggest the type of the Zr content distribution is independent of the geographical location of the factory, hence this trace element is not Clinkers produced in the factories of nine countries are analysed. 
